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©  Bearing  support  structure. 
  The  intermediate  case  (18)  for  turbo  fan  engines  has  a 
bearing  support  cone  (38)  extending  forwardly  from  a 
support  flange  (28)  in  alignment  with  struts  (24)  in  the  case  to 
provide  a  secure  support  for  the  bearing  (8)  for  the  high 
pressure  shaft  (6).  To  accommodate  the  power  shaft  assem- 
bly  which  extends  through  the  cone  (38)  the  latter  has  a 
bulge  (50)  in  which  is  mounted  a  support  cylinder  (52)  for  the 
bearings  (54,  56)  for  the  power  shaft  (14),  this  bulge  (50) 
providing  a  support  structure  for  the  cylinder  (52)  and 
clearance  for  a  bevel  gear  (12)  on  the  power  shaft  (14) 
journaled  in  the  cylinder  (52). 





T e c h n i c a l   F i e l d  

In  gas   t u r b i n e  e n g i n e s   f o r   t h e   f an   t y p e   the   b e a r -  

ing   s u p p o r t   s t r u c t u r e   c a r r i e d   by  t h e   i n t e r m e d i a t e   c a s e ,  
t h a t   i s   t h e   c a s e   b e t w e e n   a  low  p r e s s u r e   c o m p r e s s o r   a n d  

a  h i g h   p r e s s u r e   c o m p r e s s o r   f o r   s u p p o r t i n g   a  low  p r e s s u r e  

c o m p r e s s o r   s h a f t   b e a r i n g   c a r r y   b e a r i n g s   f o r   b o t h   l o w  

p r e s s u r e   s h a f t   and  h i g h   p r e s s u r e   s h a f t .  

B a c k g r o u n d   A r t  

In  t h e   p r e s e n t   c o n s t r u c t i o n   when  the   f an   e n g i n e   i s  

s u b j e c t e d   to  n a c e l l e   and  t h r u s t   i n d u c e d   e n g i n e   l o a d s  

l a r g e   b l a d e   c l e a r a n c e s   in  t h e   f a n   and  the   low  p r e s s u r e  

c o m p r e s s o r   a r e   n e c e s s a r y   to  a v o i d   c o n t a c t   b e t w e e n   t h e  

b l a d e   t i p s   and  the   c a s e   a t   h i g h   l o a d s .   The  p e r f o r m a n c e  
of  the   e n g i n e   c o u l d   be  i m p r o v e d   by  r e d u c i n g   the   c l e a r a n c e  

n e c e s s a r y   f o r   the   b l a d e s   of  t h e   f a n   and  low  p r e s s u r e  

c o m p r e s s o r .   In  r e s o l v i n g   t h i s   b e a r i n g   s u p p o r t   c o n s t r u c -  

t i o n   t h e r e   has   been   the   n e e d   to   c o n s i d e r   t he   power  s h a f t  

a s s e m b l y   a l s o   l o c a t e d   at   t h e   i n t e r m e d i a t e   c o m p r e s s o r  
c a s e   w h e r e   t he   #2  b e a r i n g   i s   l o c a t e d   s i n c e   any  s u p -  

p o r t   m o d i f i c a t i o n   f o r   t h e   b e a r i n g   c a n n o t   i n t e r f e r e   w i t h  

t h i s   a s s e m b l y .   G e n e r a l l y ,   t h e   #2  b e a r i n g   i s   s u p p o r t e d  
f rom  the   c a s e   a t   a  p o i n t   f o r w a r d   of  t h e   power   s h a f t  

a s s e m b l y .  

D i s c l o s u r e   of  I n v e n t i o n  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   the   #2  b e a r i n g  
is   s u p p o r t e d   by  a  g e n e r a l l y   c o n i c a l   s u p p o r t   e x t e n d i n g  

f o r w a r d l y   f r o m   the   r e a r m o s t   p o r t i o n   o f   t h e   i n t e r m e d i a t e  

s u p p o r t   s t r u c t u r e   so  t h a t   t h e   c o n i c a l   s t r u c t u r e   e x t e n d s  



f r o m   a  p o i n t   r e a r w a r d l y   of  t h e   p o w e r   t a k e - o f f   s h a f t   t o  

t h e   b e a r i n g   s t r u c t u r e   f o r w a r d l y   of  t h e   power   s h a f t .   To  

a c c o m m o d a t e   t h e   power   t a k e - o f f   s h a f t   i t s e l f ,   a  r e i n -  

f o r c e d   h o l e   i s   p r o v i d e d   in   t he   s u p p o r t i n g   c o n i c a l   s t r u c -  

t u r e   and  t h e   p o w e r   s h a f t   s u p p o r t   i s   i n t e g r a t e d   w i t h   t h e  

c o n i c a l   s t r u c t u r e .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   become  m o r e  

a p p a r e n t   in  t h e   l i g h t   of  the   f o l l o w i n g   d e t a i l e d   d e s -  

c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s   t h e r e o f   as  s h o w n  

in   t h e   a c c o m p a n y i n g   d r a w i n g .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

F i g .   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  t h r o u g h   - 

t h e   i n t e r m e d i a t e   b e a r i n g   s u p p o r t   s t r u c t u r e   in  t h e   p o w e r  

s h a f t   a s s e m b l y .  

F i g .   2  i s   a  s i m i l a r   f r a g m e n t a r y   s e c t i o n a l   v i e w   a t  

a  p o i n t   a n g u l a r l y   s p a c e d   f rom  t h e   p o w e r   s h a f t .  

F i g .   3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   of  t he   c o n i - -  

c a l   s u p p o r t   a l o n g   t h e   l i n e   3-3  of  F i g .   1  s h o w i n g   t h e  

r e i n f o r c e m e n t s   of  t h i s   s u p p o r t .  

B e s t   Mode  f o r   C a r r y i n g   Out  t he   I n v e n t i o n  

The  i n v e n t i o n   i s   shown  in  c o n n e c t i o n   w i t h   a  f a n  

t y p e   gas   t u r b i n e   e n g i n e   in  w h i c h   t h e   low  p r e s s u r e   s h a f t  

2 ,   j o u r n a l e d   in   a  b e a r i n g   4  c a r r i e s   s e v e r a l   l o w  

p r e s s u r e   r o t o r   d i s c s   and  b l a d e s   and  a l s o   t he   f an   b l a d e s ,  

n o t   s h o w n .   T h e   h i g h   p r e s s u r e   s h a f t   6  i s   s u p p o r t e d  

a t   i t s   f o r w a r d   end  by  a  b e a r i n g   .8  and  t h i s   s h a f t   s u p -  

p o r t s   t h e   h i g h   p r e s s u r e   d i s c s   and  b l a d e s   d o w n s t r e a m   o f  

t h e   b e a r i n g .   The  end  of  t he   h i g h   p r e s s u r e   s h a f t   6  

c a r r i e s   a  b e v e l   g e a r   10  c o o p e r a t i n g   w i t h   a  m a t i n g   g e a r  

12  to  d r i v e   t h e   power   s h a f t   14  e x t e n d i n g   o u t w a r d l y  

f r o m  t h e   s h a f t   t h r o u g h  a  h o l e   1 6  i n   t h e  i n t e r m e d i a t e  

c a s e   1 8  .   The  b e a r i n g   is   g e n e r a l l y   r e f e r r e d   to   as  t h e  

#  2  b e a r i n g .  



The  i n t e r m e d i a t e   c a s e   i s   c o n n e c t e d   a t   i t s   f o r w a r d  

end  to  an  a n n u l a r   cone   20  f o r m i n g   p a r t   of  t he   s u p p o r t i n g  

s t r u c t u r e   f o r   t he   #1  b e a r i n g   and  a t   i t s   r e a r w a r d   e n d  

a t t a c h e s   w i t h   an  a d j a c e n t   c a s i n g   s t r u c t u r e   2 2  .   T h e  

i n t e r m e d i a t e   c a s e   has   a  p l u r a l i t y   of  s t r u t s   24  e x t e n d -  

ing   f rom  t h e   o u t e r   w a l l   (no t   shown)  a c r o s s   t h e   gas  p a t h  
to  the   i n n e r  w a l l   26  of  the  gas  p a t h .   These   s t r u t s   e n g a g e  
t h e   i n n e r   w a l l   s t r u c t u r e   26  of  t h e   i n t e r m e d i a t e   c a s e  

a d j a c e n t   t h e   r e a r w a r d   end  and  i n w a r d l y   of  t he   i n n e r   w a l l  

s t r u c t u r e   a t   t h i s   p o i n t   is   a  s u p p o r t   f l a n g e   28  from  w h i c h  

t he   b e a r i n g s   4  and  8  a r e   b o t h   s u p p o r t e d .  

The  f l a n g e   28  has  an  i n n e r   i n t e g r a l   r i n g   30  a n d  

w i t h i n   t h i s   r i n g   is  s u p p o r t e d   a  b e a r i n g   d a m p e r   s t r u c t u r e  

31  w h i c h   i s   a  c o n v e n t i o n a l   s t r u c t u r e   and  w i l l   no t   b e  

d e s c r i b e d   in   d e t a i l   e x c e p t   to   n o t e   t h a t   a  p a r t   of  t h e  

d a m p e r   i s   an  a n n u l u s   32  in   r a d i a l   a l i g n m e n t   w i t h   t h e  

f l a n g e   28  and  t h i s   a n n u l u s   s u p p o r t s   t he   o u t e r   r a c e   34 

f o r   t h e   b e a r i n g   8  .   The  i n n e r   r a c e   36  i s   m o u n t e d   o n  

t h e   s h a f t   6  .   The  g e a r   10  i s   d i r e c t l y   f o r w a r d   of  t h e  

i n n e r   r a c e   36  on  the   s h a f t   6 .  

A t t a c h e d   to  t he   s u p p o r t i n g   r i n g   30  i s   a  f o r w a r d l y  

e x t e n d i n g   cone   38  ( see   a l s o   F i g .   2)  to  t he   f o r w a r d   e n d  

of  w h i c h   is   a t t a c h e d   t he   o u t e r   r a c e   40  f o r   t he   b e a r i n g  

4  .   The  i n n e r   r a c e   42  is  s u i t a b l y   m o u n t e d   on  t h e  

s h a f t   2  .   In  t he   a r r a n g e m e n t   shown  b e a r i n g   8  i s   a  

t h r u s t   b e a r i n g   to  l o c a t e   t h e   s h a f t   6  a x i a l l y   a n d  

t r a n s v e r s e l y ,   and  t h e   b e a r i n g   4  i s   a  r o l l e r   b e a r i n g  

to  l o c a t e   t h e   r o t o r   t r a n s v e r s e l y .   The  e f f e c t   i s   t h a t  

o n l y   r a d i a l   l o a d s   a r e   t r a n s m i t t e d   i n t o   t h e   s u p p o r t   c o n e  

3 8 .  

T h i s   s u p p o r t   i s   g e n e r a l l y   e f f e c t i v e l y   c o n i c a l   a s  

shown  in  F i g .   2  h a v i n g   m o u n t i n g   f l a n g e s   46  and  48 

a t   o p p o s i t e   e n d s .   At  t he   p o i n t   w h e r e   t he   p o w e r   s h a f t  

s t r u c t u r e  p a s s e s   t h r o u g h   t h e  c o n e   t h e   l a t t e r   h a s  a  b u l g e  

50 with  which  the   s u p p o r t i n g   c y l i n d e r   52  f o r   t h e   b e a r i n g s  



54  and  56  of  t he   power   s h a f t   s t r u c t u r e   is   i n t e g r a l .  

The  c y l i n d e r   52  e x t e n d s   g e n e r a l l y   p e r p e n d i c u l a r   to  t h e  

s h a f t   a x i s ,   a l t h o u g h   the   c y l i n d e r   shown  is   no t   p r e c i s e l y  

at   t h i s   a n g l e .   The  a r r a n g e m e n t   of  t h e   b u l g e   50  i s   t o  

s u p p o r t   t he   c y l i n d e r   in  a  p l a n e   a t   s u b s t a n t i a l   r i g h t  

a n g l e   to  t h e   a x i s   of  t he   c y l i n d e r   and  to   p r o v i d e   a  s p a c e  
f o r   t h e   g e a r   1 2  .   The  b e a r i n g   s u p p o r t s   the   i n t e g r a l  

s l e e v e   58  on  t he   b e v e l   g e a r   12  and  t he   s h a f t   14 

f i t s  w i t h i n   a  s p l i n e d   s l e e v e   60  f o r   d r i v i n g   the   s l e e v e  

f rom  the   g e a r .   The  p a r t i c u l a r   d r i v e   m e c h a n i s m   is   n o t  

e s s e n t i a l .   The  a r r a n g e m e n t   i s   s u c h   as  to  p e r m i t   a  

m i s a l i g n m e n t   b e t w e e n   the   s h a f t   14  and  t he   s l e e v e   58 

t h a t   i s   to  say  t h e   c y l i n d e r   5 2 .  

The  p o r t i o n   of  the   cone  38  w h e r e   t h e   b u l g e   50 

e n g a g e s   t he   c a s e   is   r e i n f o r c e d   s i n c e   t h e   i n t e g r i t y   o f  

the   cone  i s   d i m i n i s h e d  a t   t h i s   p o i n t .   To  a c c o m p l i s h   t h i s  

as  shown  in  F i g .   3  t he   b u l g e   and  t h e   c y l i n d e r   h a v e  

r e i n f o r c i n g   r i b s   62  e x t e n d i n g   f rom  t h e   b u l g e   to  t h e  

s u r f a c e   of  t h e   cone  to  m i n i m i z e   any  c o n c e n t r a t i o n   of  s t r e s s  

or  i n c r e a s e d   f l e x i b i l i t y   in  t h e   p a r t .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   is   n o t  

l i m i t e d   to  t h e   p a r t i c u l a r   e m b o d i m e n t s   shown  and  d e s c r i b e d  

h e r e i n ,   b u t   t h a t   v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   may  
be  made  w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   and  s c o p e   o f  

t h i s   n o v e l   c o n c e p t   as  d e f i n e d   by  t h e   f o l l o w i n g   c l a i m s .  



1.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   f o r   t h e   low  p r e s s u r e  
s h a f t   f o r   a  fan   e n g i n e   i n c l u d i n g :  

an  i n t e r m e d i a t e   c a s e   h a v i n g   an  i n n e r   w a l l   s t r u c t u r e  

w i t h   a  s u p p o r t   f l a n g e   e x t e n d i n g   i n w a r d l y   t h e r e f r o m   n e a r  

t he   r e a r w a r d   end  and  s u p p o r t   s t r u t s   e x t e n d i n g   o u t w a r d l y  

f rom  t he   w a l l   s t r u c t u r e   in  t h e   same  t r a n s v e r s e   p l a n e  

as  t he   s u p p o r t   f l a n g e ,  

a  s u p p o r t   cone  a t t a c h e d   to  s a i d   f l a n g e   and  e x t e n d -  

ing   f o r w a r d l y   t h e r e f r o m ,  

a  low  p r e s s u r e   s h a f t   s u p p o r t e d   w i t h i n   t he   c a s e ,   a  

b e a r i n g   s u p p o r t e d   a t   t he   f o r w a r d   end  of  t h e   cone   f o r   t h e  

low  p r e s s u r e   s h a f t ,  

a  c y l i n d e r   m o u n t e d   in  s a i d   cone   b e t w e e n   i t s   e n d s  

and  e x t e n d i n g   o u t w a r d l y   t h e r e f r o m ,  

b e a r i n g s   in  s a i d   c y l i n d e r   a n d  

a  power   d r i v e   s h a f t   s u p p o r t e d   in   s a i d   b e a r i n g s .  

2.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   as  in  c l a i m   1  in  w h i c h  

t h e   cone   has  a  b u l g e   t h e r e i n   w h e r e   t he   c y l i n d e r   i s  

l o c a t e d   to  p r o v i d e   a  s u p p o r t   f o r   t h e   c y l i n d e r   s u b s t a n -  

t i a l l y   p e r p e n d i c u l a r   to  t h e   cone   a x i s .  

3.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   as  in  c l a i m   1  in  w h i c h  

t h e r e   i s   a  h i g h   p r e s s u r e   s h a f t   s u r r o u n d i n g   the   l o w  

p r e s s u r e   s h a f t   and  t he   s u p p o r t   f l a n g e   a l s o   s u p p o r t s   a  

b e a r i n g   s u b s t a n t i a l l y   in  t h e   t r a n s v e r s e   p l a n e   t h e r e o f  

f o r   a  h i g h   p r e s s u r e   s h a f t .  

4.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   as  in  c l a i m   1  in  w h i c h  

t h e   power   d r i v e   s h a f t   has  a  b e v e l   g e a r   on  i t s   i n n e r   e n d  

by  w h i c h   the   s h a f t   is   d r i v e n ,   and  t h e   h i g h   p r e s s u r e  
s h a f t   c a r r i e s   a  m e s h i n g   g e a r .  



5.  A  s t r u c t u r e   as  in  c l a i m   4  in  w h i c h   the   b u l g e   p r o -  
v i d e s   a  s p a c e   f o r   t he   b e v e l   g e a r .  

6.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   f o r   the   low  p r e s s u r e  
s h a f t   of  a  f an   e n g i n e   i n c l u d i n g :  

an  i n t e r m e d i a t e   c a s e   h a v i n g   an  i n n e r   w a l l   s t r u c t u r e  

w i t h   a  s u p p o r t   f l a n g e   e x t e n d i n g   i n w a r d l y   t h e r e f r o m   n e a r  
the   r e a r w a r d   end  and  s u p p o r t   s t r u t s   e x t e n d i n g   o u t w a r d l y  
f rom  t h e   w a l l   s t r u c t u r e   in   same  t r a n s v e r s e   p l a n e   as  t h e  

s u p p o r t   f l a n g e s ,  

a  b e a r i n g   s u p p o r t e d   r a d i a l l y   i n w a r d l y   of  s a i d   s u p -  

p o r t   f l a n g e   and  s u b s t a n t i a l l y   in  t he   same  p l a n e   as  s a i d  

f l a n g e   f o r   t he   h i g h   p r e s s u r e   s h a f t ,  

a  s u p p o r t   cone  a t t a c h e d   to  s a i d   f l a n g e   and  e x t e n d -  

ing  f o r w a r d   t h e r e f r o m ,  

a  b e a r i n g   s u p p o r t e d   a t   t h e   f o r w a r d   end  of  t h e   c o n e  

f o r   t h e   low  p r e s s u r e   s h a f t ,  

a  c y l i n d e r   m o u n t e d   i n   s a i d   c o n e   b e t w e e n   i t s   e n d s  

and  e x t e n d i n g   o u t w a r d l y   t h e r e f r o m ,  

b e a r i n g s   in  s a i d   c y l i n d e r   a n d  

a  power   d r i v e   s h a f t   s u p p o r t e d   in  s a i d   b e a r i n g s .  

7.  A  b e a r i n g   s u p p o r t   s t r u c t u r e   as  in   c l a i m   6  in  w h i c h  

t he   f i r s t   b e a r i n g   in  t h e   p l a n e   of  t he   s u p p o r t   f l a n g e  

s u p p o r t s   a  h i g h   p r e s s u r e   s h a f t   c a r r y i n g   a  b e v e l   g e a r  
and  t h e   power   d r i v e   s h a f t   has   a  b e v e l   g e a r   on  i t s   i n n e r  

end  m e s h i n g   w i t h   the   b e v e l   g e a r   on  t h e   h i g h   p r e s s u r e  

s h a f t ,   t h e   b u l g e   b e i n g   a r r a n g e d   to   p r o v i d e   a  s p a c e   f o r  

t he   b e v e l   g e a r   on  t he   p o w e r   d r i v e   s h a f t .  

8.  A  s t r u c t u r e   as  in  c l a i m   6  in   w h i c h   the   cone  has  a  

b u l g e   t h e r e i n   f o r   s u p p o r t i n g   t he   c y l i n d e r ,   t he   p o w e r  
d r i v e  s h a f t   h a s  a   b e v e l - g e a r   in  i t s   i n n e r  e n d  a n d   t h e  

b u l g e   p r o v i d e s   a  s p a c e   f o r   t h e   b e v e l   g e a r .  
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